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Abstract: Anthurium clarinervium Matuda is a highly prized ornamental foliage plant in the market,
recognized for its large, heart-shaped leaves with a striking reflective sheen that commands premium
prices. However, its commercial cultivation is challenged by low seed germination rates. This study
aimed to develop a seed priming protocol to improve germination rates and early seedling growth
for Anthurium production. The experiment was conducted as a factorial experiment in a completely
randomized design (2x3x3) involving three factors: seed preparation, plant growth stimulants, and
water temperature. Results showed that immediate sowing of peeled seeds and soaking in water at
27-50°C produced significantly better seed quality and seedling growth compared to a seven-day
delay in sowing. Specifically, the optimal treatment —combining immediate sowing of peeled seeds,
Phytonova+Germa Plus (1:2 ratio), and a 27°C soaking temperature —achieved the highest seed
quality indicators: an 87% germination rate, a 15-day mean germination time, and a germination
speed index of 0.99. Soaking seeds at 50°C further enhanced seedling growth, yielding seedlings with
a leaf length of 4.64 cm, leaf width of 4.49 cm, plant height of 9.81 cm, and root length of 13.79 cm.
The germination index was most strongly correlated with germination percentage (r=0.97), followed
by root length, shoot length, leaf length, and leaf width. Main effect analysis indicated that immediate
sowing (Al) consistently outperformed delayed sowing (A2), with A2 showing similar values only
in specific growth indicators, such as germination speed index, root length, shoot length, leaf length,
and leaf width. This study demonstrates that water temperatures exceeding 70°C are detrimental to
Anthurium seed quality, emphasizing the need for carefully controlled conditions to maximize
germination and growth potential.

Keywords: Anthurium; cut foliage plant; ornamental plant; plant growth stimulant; seed priming

1. Introduction

Anthurium plants are notable for the aesthetic appeal of their leaves and flowers. Their vibrant
colors and variety across species make them widely popular for decorative purposes. This beauty has
granted Anthuriums significant commercial value in the global ornamental flower market [1],
especially the popular Anthurium clarinervium Matuda, known as “Hua Jai Lai” or “Millionaire’s
Heart” in Thailand. This species is particularly well-suited to Thailand’s hot and humid climate and
is often grown for its foliage, as its large leaves remain fresh in vases for 5-8 weeks. The sizable, heart-
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shaped leaves with prominent white veins radiating from the center make it highly sought after, with
prices ranging from 2.3-3.0 USD per leaf or 23.0-30.0 USD per potted plant. However, A. clarinervium
production faces challenges due to its seed propagation method, which results in low germination
rates and limited seedling production. Seed germination in Anthurium species is challenging due to
slow and inconsistent sprouting and low germination percentages. This may be due to the sticky
coating on mature Anthurium seeds, which hinders germination and reduces seedling survival rates
if seeds are sown immediately after harvest.

Seed enhancement methods improve the quality of seeds post-harvest by achieving high,
consistent germination, which is essential for cultivating many plant types. Seed priming, a
physiological technique to enhance seed quality, involves hydrating the seeds to initiate germination
but stopping short of radicle emergence. Priming enhances germination, reduces germination time,
and improves seedling vigor, leading to better yields compared to unprimed seeds. This technique
also mitigates adverse environmental impacts on seed germination, which are common challenges in
current cultivation practices. Seed priming techniques are well-documented for various plant species,
showing increased seed viability, higher germination percentages, and early seedling growth [2-3].
Priming involves hydrating seeds just enough to support germination without triggering radicle
growth, allowing seeds to sprout uniformly [4]. After priming, seeds are dried back to initial moisture
levels, pausing germination and enabling short-term storage [5]. Once rehydrated, primed seeds
germinate more quickly and consistently [6].

Various seed priming techniques include osmopriming (using osmotic agents), solid matrix
priming (using moisture-retaining materials), and hydropriming (soaking seeds in water) [7]. Seed
priming strengthens seedlings and supports growth in unfavorable environments, enhancing
germination. Priming agents include water and various solutions like PEG6000, KNOs, KCl, NaCl,
and Vitamin C, which improve germination rates, increase speed indices, and enhance seedling
robustness compared to unprimed seeds [8]. For example, a study on hydropriming buckwheat seeds
at 30°C for 18 hours achieved a 90.50% germination rate compared to 82.50% for unprimed seeds [9].
Chemical priming agents each have distinct compositions and properties; for instance, KNO3
provides nitrogen and essential nutrients that promote protein synthesis during germination, while
salicylic acid (SA) enhances seed germination capacity [10]. Additionally, wood vinegar, which
contains butenolide and ethylene from combustion, is known to stimulate seed germination [11].
Kaewsorn et al. [12] primed chili seeds using SA, wood vinegar, and KNOs. A 3% KNOs solution
soaked for 24 hours yielded the highest germination rates and shortest germination time compared
to other priming methods.

Thus, studying the effects of seed priming on germination and seedling growth in A. clarinervium
is essential for enhancing seedling viability, growth rates, and yield. This study examines suitable
priming techniques for A. clarinervium, providing essential data for farmers and growers. This
approach contributes to the sustainable cultivation of A. clarinervium, supporting both local
agriculture and market demand.

2. Results

2.1. Seed Quality

2.1.1. Germination Percentage

The results indicated no interaction effect between seed preparation, plant growth stimulants,
and water temperature. However, there was a statistically significant difference in seed preparation
and water temperature (p<0.01) with a 99% confidence level. Seeds sown immediately after
extraction, treated with Phytonova+Germaplus at a 1:2 ratio, and soaked at 27°C showed the highest
average germination percentage of 87.00%. This was statistically comparable to treatments where
seeds were sown immediately after extraction, treated with Phytonova+Germaplus at a 1:2 ratio, and
soaked at 50 and 70°C, as well as treatments using Phytonova+Germaplus at 1:1 and 2:1 ratios across
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all three temperatures. In contrast, treatments where seeds were left for seven days before sowing
and treated with Phytonova+Germaplus at 1:1, 2:1, and 1:2 ratios at 70°C showed statistically
significant differences.

2.1.2. Average Germination Time

There was an interaction effect between seed preparation, plant growth stimulants, and water
temperature. Both plant growth stimulants and water temperature, as well as seed preparation and
water temperature, showed interaction effects. Water temperature alone had a statistically significant
effect (p<0.01) with a 99% confidence level. Seeds sown immediately after extraction, treated with
Phytonova+Germaplus at a 1:1 ratio, and soaked at 50°C showed the shortest average germination
time of 13.86 days. This was statistically similar to seeds sown immediately after extraction, treated
with Phytonova+Germaplus at a 1:2 ratio, and soaked at 27, 50, and 70°C, as well as treatments with
Phytonova+Germaplus at a 1:1 ratio at 70°C, and at a 2:1 ratio at 50 and 70°C. However, it differed
significantly from other treatments, including seeds left for seven days and treated with
Phytonova+Germaplus at various ratios and temperatures.

2.1.3. Germination Speed Index

There was no interaction effect between seed preparation, plant growth stimulants, and water
temperature. However, seed preparation and water temperature had a statistically significant effect
(p<0.01) with a 99% confidence level. The highest average germination speed index of 0.99 was
observed in seeds sown immediately after extraction, treated with Phytonova+Germaplus at a 1:2
ratio, and soaked at 27°C. This was statistically similar to treatments involving immediate sowing
and Phytonova+Germaplus at various ratios and temperatures. In contrast, seeds left for seven days
and treated with Phytonovat+Germaplus at 1:1 and 1:2 ratios at 70°C had the lowest average
germination speed index of 0.05 (Table 1).

Table 1. Seed priming techniques of Anthurium clarinervium Matuda on germination percentage, died seed

percentage, mean germination time, and speed of germination index.

SP PGS TW(°C) GP (%) DSP MGT SGI
27 61.002 39.00bcd  2].24cde 0.732>
E Phytonova+Germa Plus 1:1 50 63.002 37.00< 13.86¢ 0.81ab
g 70 36.00>  64.00%cd 24 56bc 0.4220
%D 27 62.002 38.00< 22.04cde 0.762
g Phytonova+Germa Plus 2:1 50 56.002b 44 .002bed 24.25b¢ 0.682
3 70 36.00>  64.00%bcd  27.78bc 0.41a0
ui 27 87.002 13.004 15.00¢e 0.992
§ Phytonova+Germa Plus 1:2 50 77.00b 23.00d 21.2(cde 0.93%
70 32.00%  68.00%cd 2] 25cde 0.3120
27 31.00®  69.00%c¢  23.54bd 0.352
o Phytonova+Germa Plus 1:1 50 35.002b 65.003bcd 26.05b¢ 0.46%°
© 70 4.00° 96.002 28.77b¢ 0.05*
g E 27 35.00®  65.00%¢  23.67bd  (.672bd
CE -EEJ Phytonova+Germa Plus 2:1 50 31.002b 69.00%bd  23.45bd 0.392
_c? 70 3.000 97.002 25.08p¢ 0.142>
& 27 3733 72.00%cd 22 ]6cde 0.542b

Phytonova+Germa Plus 1:2
50 34.00®  66.00%bcd  31.892b 0.312b
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SP PGS TW (°C) GP (%) DSP MGT SGI
70 2.000 98.002 39.002 0.05v
SP sk sk ns sk
PGS ns ns ** ns
TW kk kk kk kk
SPxPGS ns ns ns ns
SPxTW ns ns ** ns
PGSxTW ns ns ** ns
SPxPGSxTW ns ns ** ns

ns not significantly different, **significantly different at p<0.01. SP; Seed preparation, PGS: Plant growth
stimulant, TW: Temperature water, GP: Germination percentage, DSP: Died seed percentage, MGT: Mean

germination time, SGI: Speed germination index.
2.2. Seedling Growth

2.2.1. Leaf Length

There was no interaction effect between seed preparation, plant growth stimulants, and water
temperature on leaf length. However, seed preparation and water temperature showed statistically
significant differences (p<0.01) at a 99% confidence level. The highest average leaf length of 4.64 cm
was observed in seeds sown immediately after extraction, treated with Phytonova+Germaplus at a
1:2 ratio, and soaked at 50°C. This was statistically similar to treatments with seeds soaked at 27°C,
using Phytonova+Germaplus at a 1:1 and 1:2 ratio across various temperatures, and seeds left for
seven days with Phytonova+Germaplus at 2:1 and 1:2 ratios at lower temperatures. In contrast,
treatments involving immediate sowing with Phytonova+Germaplus at a 1:2 ratio at 70°C showed
statistically significant differences.

2.2.2. Leaf Width

No interaction was observed between seed preparation, plant growth stimulants, and water
temperature on leaf width. However, significant differences were found in seed preparation and
water temperature (p<0.01) at a 99% confidence level. The highest average leaf width of 4.49 cm was
achieved with seeds sown immediately after extraction, treated with Phytonova+Germaplus at a 1:2
ratio, and soaked at 50°C. This was statistically comparable to various other treatments at 27 and 50°C
with Phytonova+Germaplus ratios of 1:1, 1:2, and 2:1. In contrast, seeds treated with
Phytonova+Germaplus at 1:2 at 70°C showed significant differences.

2.2.3. Plant Height

There was no interaction effect between seed preparation, plant growth stimulants, and water
temperature on plant height. Significant differences were observed for seed preparation and water
temperature (p<0.01) at a 99% confidence level. The highest average plant height, 9.81 cm, was
recorded in seeds sown immediately after extraction, treated with Phytonova+Germaplus at a 1:2
ratio, and soaked at 50°C. This was statistically similar to treatments across various temperatures and
ratios of Phytonova+Germaplus, excluding those using Phytonova+Germaplus at 1:2 soaked at 70°C,
which showed statistically significant differences.

2.2.4. Root Length

No interaction effect was observed between seed preparation, plant growth stimulants, and
water temperature on root length. Significant differences were found for seed preparation and water
temperature (p<0.01) at a 99% confidence level. The highest average root length, 13.79 cm, was
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obtained from seeds sown immediately after extraction, treated with Phytonova+Germaplus at a 1:2
ratio, and soaked at 50°C. This was statistically similar to other treatments across lower temperatures
and varying ratios of Phytonova+Germaplus. However, significant differences were noted with
treatments involving seeds soaked at 70°C with Phytonova+Germaplus at 1:1, 2:1, and 1:2 ratios
(Table 2).

Table 2. Analysis of variance and the effects of seed priming techniques on leaf length, leaf width, shoot length,

and root length of A. clarinervium.

SP PGS TW (°C) L LW rH RL (cm)
(cm) (cm) (cm)
- 27 3.58a 326 737  1(.71]abc
:% Phytonova+Germa Plus 1:1 50 3.90%  3.44bc 7422 12.352
£ 70 421> 384w 764 10.80c
g 27 426 4430 7400 11.55%
% Phytonova+Germa Plus 2:1 50 2.842b  2.823c 786 8.80abc
g 70 2738 219%c 698k  10.07abc
% 27 3.68a  3.44abc 9.57a 10.83ab¢
g Phytonova+Germa Plus 1:2 50 4.64%>  4.49abc 9.81a 13.792
B 70 1.60P 1.00pe 4.65 6.91abc
27 3.07& 2,65 6.26% 8.78abe
E Phytonova+Germa Plus 1:1 50 3.45%>  2.98kc 400  10.01abc
g 70 1.60P 0.50¢ 2.00° 4.27¢
£ 27 3720 373bc  724b 83l
g Phytonova+Germa Plus 2:1 50 233 2,02 3.00 8.71abe
E) 70 1.70v 1.500c 2.350 2..83d
; 27 223 2.24abc 408 9.79abe
3 Phytonova+Germa Plus 1:2 50 1.97b 1.86%c  4.092b 5.85abe
a 70 1.60v 0.50¢ 1.250 1.254
SP sk ks ksk sk
PGS ns ns ns ns
TW sk ks kk sk
SPxPGS ns ns ns ns
SPxTW ns ns ns ns
PGSxTW ns ns ns ns
SPxPGSxTW ns ns ns ns

ns not significantly different, ** significantly different at p<0.01. PS; Seed preparation, PGS: Plant growth
stimulant, TW: Temperature water, LL: Leaf length, LW: Leaf width, PH: Plant height and RL: Root length.

2.3. Correlation and Principal Component Analysis

The study of correlation coefficients of seed quality traits and growth characteristics (eight traits)
revealed that germination speed index (r=0.97), root length (r=0.71), plant height (r=0.68), leaf length
(r=0.67), and leaf width (r=0.66) were positively correlated with germination percentage at a
statistically significant level. Leaf length (r=0.97), plant height (r=0.84), root length (r=0.76), and
germination speed index (r=0.71) were positively correlated with leaf width. It was also found that
the percentage of dead seeds and the average germination days were negatively correlated with all
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traits (Figure 1). Principal component analysis, a multivariate method to examine the distribution
patterns of the eight traits by reducing the number of variables, was used. The principal components
(PCs) explained over 80% of the total variance, with two principal components covering 84.4% of the
total variance. PC1 accounted for 71.3% of the variance, and PC2 for 13.1%. The analysis showed that
seeds sown immediately after extraction (A1) were smaller compared to seeds left for seven days
post-extraction (A2), with the A2 group closely associated with traits such as germination speed
index, root length, plant height, leaf length, and leaf width (Figure 2).

0 2 4 & & 10 15 25 35 45 0 20 40 &0 80 100
Lor T R R N

0.67*** 0.68™* 0.71 -0.12 0.97 -1.00*** ;;
0.97*** 0.84*** 0.76™** -0.32™ 0.71*** -0.66***
LL Ee
0.85™* 0.77%* -0.30* 0.71*** -0.67* |7
o b OO o] PH
N o 8 ’_l_l—rr—]j 0.75%** -0.19 0.72%* _0.68***

-0.26* 0.73*** -0.71%*

0 10 20

-0.25* 0.12

16 30 45
%
4

-0.97***

00 06 12

DSP

|

0 40 &0

UI Z‘U 4‘U 60 80 ‘WUIU
Figure 1. Correlation plot according to Peason’s correlation coefficient. *,**,*** correlated at p<0.05, 0.01 and 001

respectively. GP: Germination percentage, DSP: Died seed percentage, MGT: Mean germination time, SGI:
Germination index, LL: Leaf length, LW: Leaf width, PH: Plant height and RL: Root length.

A2B1:GEB2C1

groups

At
[a]

Mgy,

m
9]

rE‘ﬂ 72‘5 ﬂ‘ﬂ 2'5
PC1 (71.3%)
Figure 2. Principal component analysis of observed parameters under different seed priming. GP: Germination
percentage, DSP: Died seed percentage, MGT: Mean germination time, SGI: Germination index, LL: Leaf length,
LW: Leaf width, SL: PH: Plant height and RL: Root length.
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3. Discussion

A pre-sowing method called “seed priming” involves soaking seeds in an osmotic solution,
which permits them to absorb water and undergo the initial stage of germination but prevents the
radicle from emerging (protruding through the seed coat). The seeds can then be saved and then
planted using standard methods after being soaked and dried to their initial moisture content.
Priming alters the seeds' biochemical characteristics, including their enzyme activity, and encourages
germination activities, like the mobilization of sugar [13]. The duration of the germination process is
significantly influenced by the temperature. There is a significant temperature scale that may be used
to characterize the impact of temperature on germination: minimum, optimal, and maximum
temperatures to begin. The maximum germination rate in the shortest amount of time is achieved at
the optimal temperature. Every germination stage has a significant temperature, and because the
process is so complex, the temperature response may change as the germination phases progress. The
way that seeds react to temperature depends on a number of variables, including variety, seed
quality, and harvest timing [14].

The experimental germination percentage ranged from 2.00 to 87.00%, indicating low seed
quality, possibly due to the mucilage present on the heart-shaped seeds after maturation. If the seeds
are immediately sown, this mucilage can absorb moisture, leading to bacterial growth that inhibits
germination. Seeds with mucilage are challenging to clean. The experiment also showed that using a
70°C temperature during germination resulted in a germination rate between 20.00 and 4.00%. High
temperatures can damage seeds, reduce germination viability, and result in low germination
percentages. Soaking seeds in water at an optimal temperature and then drying them to near-original
moisture content before sowing can improve germination rates. For example, soaking rice seeds in
water for 24 hours increased germination rate to 100% and enhanced root length and fresh stem
weight, indicating improved physiological potential through increased germination and vigor. Corn
seeds soaked in water for 18 hours and dried for 2 hours showed increased germination rate, root
length, and vigor index, particularly for inbred lines. Soaking wheat seeds improves initial
germination rates, sprout count, seed weight, and both biological and economic yield. Soaking wheat
seeds for 16 hours resulted in high germination percentage, growth, yield, and economic profitability
[15].

The optimal soaking temperatures vary by seed type; for example, tomato, carrot, and onion
seeds germinate better at 15°C for 14 days than at 25°C [16]. Similarly, seed soaking affects seed
germination and seedling growth in five flower species (Antirrhinum, Dahlia, Impatiens, Salvia, and
Zinnia). Soaking these seeds at 20°C for 24 hours and then drying them enhanced the germination
rate and the fresh and dry weights of the seedlings across all five species [17]. Youngsapanan et al.
[18] found that chia seeds soaked in water at 20°C and 30°C for 12 hours had the highest germination
rates (88.00 and 84.5%, respectively) with the fastest average germination times (3.64 and 3.85 days,
respectively). Piwpan et al. [19] reported that cucumber seeds soaked at 20°C for 24 hours had faster
average germination times and root emergence compared to untreated seeds, retaining the highest
germination percentage.

Recommendations from this experiment indicate that germination percentages ranged from 2.00
to 87.00%, reflecting generally low seed quality. This may be due to mucilage on Anthurium
crystallinum seeds after ripening; if these seeds are immediately sown without thorough cleaning, the
mucilage absorbs high moisture levels, fostering bacterial growth that inhibits germination. The
experiments showed that at 70°C, the germination percentage was between 2.00 and 36.00%,
suggesting that high temperatures during germination may damage the seeds, resulting in low
germination percentages. The optimal water temperature for germination is recommended not to
exceed 50°C, as temperatures above this limit lead to lower germination rates.

4. Materials and Methods

4.1. Experimental Details

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The experiment utilized A. clarinervium seeds sourced from the Ratchaburi Udom Garden
Training Center, located at 179 Moo 9, Don Klang Subdistrict, Damnoen Saduak District, Ratchaburi
Province. Conducted in 2022, the study followed a factorial experiment in a completely randomized
design (2x3x3) involving three factors: seed preparation (SP), plant growth stimulants (PGS), and
water temperature (TW). For seed preparation, seeds were either sown immediately after extraction
or left for seven days before sowing. The plant growth stimulants (commercially known as Phytonova
and Germaplus) were applied in ratios of 1:1, 2:1, and 1:2. The seeds were soaked in water at three
different temperatures—27, 50, and 70°C. Each treatment was replicated four times with 25 seeds per
replication, resulting in a total of 1,800 seeds. Seeds with over 85% ripeness were selected, sorted for
uniform size, dehulled, and cleaned of any mucilage with clean water. The seeds were divided into
two groups of 900 each: (1) those sown immediately, and (2) those left for seven days before sowing.
Both groups were then subjected to different treatments. Seeds were soaked in the
PhytonovatGermaplus solution in ratios of 1:1, 2:1, and 1:2 and were also soaked in water at
temperatures of 27, 50, and 70°C for five minutes each. The seeds were sown in 8-inch pots filled with
a growing medium of peat moss mixed with brick dust at a 1:1 ratio and watered daily. They were
cultivated under a 70% shaded greenhouse to monitor and record germination data 40 days after
sowing.

4.2. Data Collection

1) Seed quality testing: This includes assessing germination percentage, seed mortality
percentage, mean germination time (MGT), speed of germination index (SGI), and seedling growth
rate. The key calculations are as follows:

- MGT is calculated based on the daily number of normal seedlings in a soil germination test,

using the formula:
> Dn
MGT = ﬂ
where, D = Day of counting
N = Number of normal seedlings
- Speed of germination index (SGI) measures seed vigor. Seeds with high vigor germinate faster
than those with lower vigor. For calculating SGI, the number of normal seedlings is recorded daily
for 40 days in the seed germination test, then calculated using the following formula:
Normal seedlings at day 1 4 Normal seedlings at day 2

2

SGI =

1
Normal seedlings at day n

n
2) Seedling Growth: Growth parameters include leaf length (average of all leaves), leaf width

(average of all leaves), plant height (measured from the stem base to the leaf tip), and root length
(measured from the stem base to the root tip).

4.3. Statistical Analysis

The data were analyzed using ANOVA in a factorial experiment with a completely randomized
design (2x3x3), involving three factors: seed preparation, plant growth stimulant, and water
temperature. Mean comparisons were conducted with Duncan’s New Multiple Range Test (DMRT)
at confidence levels of 95 and 99% (p<0.05 and p<0.01), and analyses were performed using SPSS
software. Peason’s correlation coefficient was performed, and principal component analysis (PCA)
was used for multivariate data, examining the relationships between variables by reducing the data
to identify the distribution patterns of eight characteristics. These characteristics were extracted as
principal components, which were expressed as linear functions of the original variables. The
correlation coefficients and PCA were calculated and illustrated using R program (version 4.1.2)
according to psych and ggbiplot packages [20-21], respectively.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.1503.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 June 2025 d0i:10.20944/preprints202506.1503.v1

9 of 10

5. Conclusions

The effects of different seed germination methods on the germination and growth of A.
clarinervium seedlings were examined by testing various techniques and assessing seed quality and
seedling growth. The study found that using the method of sowing seeds immediately after
extraction, combined with Phytonova+Germa Plus (1:2) and soaking the seeds at 27°C, yielded the
best seed quality and growth results for A. clarinervium. This method produced a germination rate of
87.00%, a dead seed percentage of 13.00%, an average germination time of 15.00 days, a germination
speed index of 0.99, a leaf length of 3.68 cm, a leaf width of 3.44 cm, a shoot length of 9.81 c¢cm, and a
root length of 10.83 cm. Alternatively, using the same method but soaking the seeds at 50°C achieved
a germination rate of 77.00%, a dead seed percentage of 23.00%, an average germination time of 21.20
days, a germination speed index of 0.93, a leaf length of 4.64 cm, a leaf width of 4.49 cm, a shoot
height of 9.81 cm, and a root length of 13.79 cm. However, the method of sowing seeds after letting
them sit for seven days, combined with Phytonova+Germa Plus at any concentration and soaking at
70°C, resulted in the poorest seed quality and seedling growth. This method produced a germination
rate between 2.00 and 4.00%, a dead seed percentage of 96.00 to 98.00%, an average germination time
of 25.00 to 39.00 days, a germination speed index of 0.05 to 0.14, a leaf length of 1.60 to 1.70 cm, a leaf
width of 0.50 to 1.50 cm, a shoot height of 1.25 to 2.35 cm, and a root length of 1.25 to 4.27 cm. The
use of high temperatures, specifically up to 70°C, in any method negatively impacted seed quality.
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